Peer effects may seriously dampen or amplify the effectiveness of policies aimed at increasing the quantity and quality of core skills. In this paper, we investigate the importance of peer effects in the decision to pursue advanced math and science in high school. We exploit quasi-experimental variation stemming from a pilot scheme inducing some older siblings to pursue advanced math and science at a lower cost, while not directly influencing the course choices of younger siblings.
Introduction
Increasing globalization means that the accumulation of high-quality skills -such as math and science skills -is on the top of the policy agenda in most high-wage countries seeking to be on the forefront of technological progress and sustain economic growth. The demand for college graduates in science, technology, engineering, and mathematics -the STEM fields -far exceeds the supply to strengthen the college preparedness of high school graduates; including increased course requirements in core subjects like math and science (A Nation at Risk, Gardner et al., 1983) . Any policy aiming to increase the investment in math and science skills may be seriously dampened or amplified by social interaction effects, which may be extremely important during the teenage years when decisions on more advanced coursework are taken (Card and Giuliano, 2012; Akerlof, 1997) .
How important are these peer effects? In this paper, we investigate the importance of such peer effects among sibling pairs based on quasi-experimental variation stemming from a pilot scheme which induced some older siblings to pursue advanced math and science by lowering their cost.
Estimating the causal effect of social interactions is challenging due to simultaneity, correlated unobservables, and endogenous peer group membership (Manski, 1993) . We study naturally occurring peer groups and exploit exogenous variation in the cost of taking up advanced math and science in high school among a partial population (Moffitt, 2001) . 1 We exploit the fact that some older siblings in 1984-1987 were unexpectedly exposed to a pilot scheme after entering high school and investigate whether they influenced the course choices of their younger siblings. Any influence of this pilot scheme on younger siblings' course choices can be interpreted as a causal peer effect, 3 since the pilot scheme only reduced the cost of choosing advanced math and science for older siblings directly.
Siblings are the first peers one closely interacts with and for most they entail a lifelong relationship.
Therefore, peer effects from close social interaction between siblings may be extremely important (Buhrmester, 1992) . Such social interaction effects may work through different channels in the context of choice of high school course work. We here formulate these mechanisms as explanations for positive spillover effects, though they may as well give rise to the opposite effects. One mechanism may be information sharing. A student without a network with peers who previously pursued advanced math and science may face more uncertainty about the difficulty of this course package and about the future prospects of students who completed these courses. On the other hand, having an older sibling who pursued this course package resolves some of this uncertainty. A second mechanism is productivity spillover effects. A student with a peer, who also studies math and science, may be able to perform better in school in math and science due to assistance with homework. A third mechanism is conformity or norms where a student gains utility from behaving similarly (or opposite) to specific peers. In some instances, an older sibling or a friend may be a role model and inspiration for academic behavior and aspirations. A fourth mechanism may be joint leisure. A student with a peer who also studies math and science, may be able to share some public goods with this peer (through a common interest for technological development or nerdy jokes and movies) and may appreciate more spending joint leisure time with this peer. An unwelcoming academic culture may also be more welcoming with a peer sharing ones passion for math and science.
We hypothesize that information sharing is a more important driver of potential spillover effects from older siblings to younger siblings, while conformity, productivity effects and joint leisure are likely important both for sibling pairs and other peers. However, the importance of either of these channels may vary with the strength of ties. It might be that ties are stronger among sibling pairs, while the extent of overlapping networks may be larger among other peers (Granovetter, 1973) .
We find strong positive correlations between math and science choices of siblings. Our results suggest that causal peer effects persist among closely spaced siblings, and that their significance depends on the gender composition of the sibling pair. We find the largest and most significant peer effects for relatively closely spaced brothers.
The remainder of the paper unfolds as follows: Section 2 discusses identification of social interaction effects and presents the institutional background which our empirical strategy relies on. Section 3 4 describes the data, while section 4 presents the empirical analysis of social interaction effects in the choice of math and science in high school. Section 5 investigates heterogeneity in peer effects.
Section 6 concludes the paper.
Identification of Peer Effects Using a High School Pilot Scheme
This section describes our identification strategy and the educational environment of the Danish high school. In the first subsection, we briefly explain the empirical difficulty of identifying peer effects and how we exploit the unique institutional setup to identify social interaction effects from older to younger siblings. Then we describe the two relevant high school regimes, which form the basis for our identification strategy. The second and third subsections, concern the high school regime and the pilot scheme that provides us with exogenous variation in the cost of acquiring advanced math and science courses for the older siblings. The fourth subsection, concerns the high school regime forming the basis for the math and science choices of their younger siblings.
Identifying Peer Effects
Peer (or social interaction) effects occur when the choice of one individual affects the choices of other individuals in the same peer (or social) group. In this paper, we are interested in how math and science choices of an older sibling affect whether his or her younger sibling pursues advanced math and science courses. The general difficulty of identifying peer effects lies in the empirical issues of:
(i) endogenous group membership, (ii) simultaneity (the reflection problem), and (iii) correlated unobservables in the peer group. 2 These identification issues can be illustrated in a model which is linear in the peer effect. We assume, without loss of generality, that there are only two individuals in each peer group -an older sibling and a younger sibling. 3 Our objective is to estimate a causal effect of the older sibling's MathScience choice on the younger sibling's MathScience choice. To be able to give a causal interpretation of the parameter estimate of ߚ ଵ in (2) we need to address the empirical issues (i)-(iii) mentioned above. The third issue of correlated unobservables is naturally a big concern in our setting, since siblings share many common social and genetic influences; including common genes, family background, neighborhood, and schools. All these common influences shape both siblings' preferences and abilities and could lead them to making similar high school course choices. An omitted variables bias due to contextual effects arises if we are not able to observe all these relevant sibling pair specific (ܽ ) and individual variables (ܺ ). The first and the second issues are presumably minor in our setting: (i) siblings are born into the same family thus do not choose each other based on each other's characteristics and choices, and (ii) given the timing of high school course choices it seems plausible that the older sibling's course choice is independent of the younger sibling's choice (ߨ ଵ = 0) since the older sibling makes this choice years before the younger sibling. This exclusion restriction overcomes the reflection problem, as we postulate that the direction of the sibling effect goes from the older sibling to the younger sibling. 4 Nevertheless, this is not a necessary exclusion restriction as our empirical strategy addresses all these three empirical concerns, since the exogenous variation in the cost of acquiring advanced math and science for the older sibling is independent of both sibling pair specific factors and individual sibling characteristics.
More specifically, our identification strategy exploits exogenous variation in the cost of acquiring advanced math and science stemming from a pilot scheme, where some older siblings unexpectedly got the option of a more flexible course combination. Let ‫ݎݐ݊ܫݐ݈݅ܲ‬ ௗ = 0 for older siblings in a traditional high school, where advanced math could only be combined with advanced physics. Let ‫ݎݐ݊ܫݐ݈݅ܲ‬ ௗ = 1 for older siblings in a pilot high school, where advanced math could also be combined with advanced chemistry. This additional course package option was introduced 6 unexpectedly just before the older sibling made the choice of advanced high school courses. The pilot scheme thus provides us with exogenous variation in the cost of acquiring advanced math and science for the older sibling (captured by ‫ݎݐ݊ܫݐ݈݅ܲ‬ ௗ ) that does not directly influence the younger sibling and is independent of any sibling pair specific (ܽ ) and individual variables (ܺ ).
Substituting this into (1) and (2) we get:
Younger siblings attend high school in a regime, where they have an even more flexible curriculum as advanced math and science courses can be combined as they like -the main requirement is that they choose at least two (and at most three) optional advanced courses. This particular institutional setting thus provides us with a unique quasi-experiment for identifying peer effects in math and science -going from the older sibling's course choice to the younger sibling's course choice, as well as enables the possibility of identifying spillover effects. We can thus interpret the IV estimate of ߚ ଵ in the structural equation (4) as capturing this causal peer effect when the first-stage equation (3) includes ‫ݎݐ݊ܫݐ݈݅ܲ‬ ௗ as an instrument for ‫݁ܿ݊݁݅ܿܵ‪ℎ‬ݐܽܯ‬ ௗ which endogenously affects ‫݁ܿ݊݁݅ܿܵ‪ℎ‬ݐܽܯ‬ ௬௨ , because the instrument only affects the older sibling directly and the younger one merely through endogenous social interaction. 5 The identifying assumptions are corroborated in Joensen and Nielsen (2009) showing that ‫ݎݐ݊ܫݐ݈݅ܲ‬ ௗ is independent of predetermined individual, family, and school characteristics for the students entering high school in 1984-87. This implies that older siblings are as good as randomly assigned to high schools who unexpectedly introduce the pilot scheme when they are enrolled in their second high school year. Furthermore, the instrument has a strong influence on the choice of math and science courses for the older sibling. We return to these 
The Pre-1988 High School 6
In the period 1961-1988, the Danish high school system was a "branch-based" high school regime in which courses were grouped into restrictive course packages. 7 We focus on the cohorts entering high school in 1984-87. The main reason to focus on this period is that the supply of course packages provides us with relevant exogenous variation in the cost of acquiring advanced math and science for the older siblings.
This regime implied that students upon high school graduation would have achieved one of three math levels available: advanced, intermediate, or basic level. The difference between the three levels is reflected in the number of lessons per week, as well as in the content of the courses. For instance, the extent of geometry and algebra increases as the level becomes more advanced. In the empirical analysis, we focus on whether students choose advanced math and science, meaning that the intermediate and basic level courses are lumped together. The decision about which package to opt for is taken at the end of the first year in high school. The only way to obtain advanced math and science was the package consisting of advanced math and physics, unless the student was enrolled at a pilot school, where advanced math could also be obtained in combination with advanced chemistry.
It is exactly this increased course flexibility which some students were unexpectedly exposed to at pilot schools that constitutes the quasi-experiment we exploit in this paper.
The Pilot Scheme
The pilot scheme was implemented as an experimental curriculum at about half of the high schools prior to the 1988-reform. Table 1 gives an overview of the gradual implementation of the pilot scheme from 1984-87. The table is divided by types of high schools: schools with no pilot scheme (PilotSchool=0), schools where the pilot scheme was introduced after enrollment of the relevant cohort (PilotSchool=1, PilotIntro=1), and schools where the pilot scheme was implemented prior to enrollment of the relevant cohort (PilotSchool=1, PilotIntro=0).
Table 1. Introduction of the Pilot Scheme
The table displays the number of students and the fraction of students choosing advanced Math with advanced Physics or Chemistry. The numbers are displayed by entry cohort and type of high school attended.
Schools were not randomly assigned to become pilot schools. Instead, from 1984-86, they could apply to the Ministry of Education for permission to adopt the experimental curriculum, whereas in 1987 the high school principals could make this decision without approval from the ministry. It is not possible to directly test whether the pilot schools represent a sample of schools which is essentially random with respect to math ability. 8
It is clear, however, that students with a preference for advanced math and chemistry may self-select into schools that are known to offer the pilot program before entrance. This is why we distinguish between students at pilot schools where the pilot scheme was unexpectedly introduced after they had enrolled in the high school (PilotSchool=1, PilotIntro=1), and those who knew that the school was a pilot school before they applied for entering the school (PilotSchool=1, PilotIntro=0).
The instrumental variable strategy exploits the fact that the pilot scheme reduces the psychological cost of choosing advanced math and science since the students exposed to the scheme are not required to take the advanced physics course together with advanced math. 9 Hence, first-year high school students enrolled at a school when it decided to introduce the pilot scheme were exposed to an unexpected exogenous cost shock, which induced more students to choose advanced math and science compared to students at non-pilot schools. If the selection of newly participating schools is exogenous with respect to student ability, which Joensen and Nielsen (2009) substantiate it is, the pilot scheme provides exogenous variation in students' math and science qualifications without influencing the outcomes of interest except through the effect on math and science qualifications. 8 Joensen and Nielsen (2009) elaborate on the entrance procedures and the essential randomness of pilot school status.
9 Traditionally, the opportunity cost of attending high school is interpreted as earnings forgone from unskilled work. We use a broader interpretation associated with time allocation across courses as well as between studies, leisure, and unskilled work. If students choose course combinations optimally given their preferences and abilities, then a more flexible course choice set reduces the cost of taking a given course as there is a higher probability of a good match between feasible course combinations and the students' preferences and abilities. The instrumental variable, PilotIntro, is equal to one if the individual enrolled in a high school which then introduces the experimental curriculum for the first time, and it takes the value zero otherwise. This instrument is valid if the pilot scheme is randomly assigned to schools and if individuals are randomly distributed across schools that have not yet decided to introduce the experimental curriculum. This assumption is violated only if the school decides to participate in the program based on the math abilities of local students. Joensen and Nielsen (2009) check this by testing overidentifying restrictions. They let PilotIntro interact with each of the cohort dummy variables and find that each of the interaction terms between cohorts 1984-86 and PilotIntro may be excluded from the outcome equation. 10 In Section 3 below, we also test for similarities of the student and parent bodies across school status, and we find almost no significant differences in characteristics determined pre high school.
The instrument is strong if the unexpected introduction of the pilot scheme induces students to choose advanced math and science, which is directly tested and validated in Section 4. The instrument satisfies the monotonicity (or uniformity) condition if individuals who chose advanced math and science when advanced physics was required would also have chosen advanced math and science if they had unexpectedly had the option of replacing advanced physics with advanced chemistry (and consequently replacing intermediate chemistry with intermediate physics). We are confident that the monotonicity assumption is reasonable in our application, since all the options available at non-pilot schools were also available at schools that introduced the pilot scheme.
Our instrument exploits the exogenous variation in the exposure of students to the possibility of also combining advanced math courses with advanced chemistry. Hence, the "treatment" of the older sibling that we investigate is the combined treatment of advanced math and advanced chemistry.
Because advanced math and advanced chemistry are combined in a course package, we cannot separate the effect of advanced math from that of advanced chemistry or from the potential synergy effect of the combination of math and chemistry. 10 There may be a concern about the interaction term between cohort 1987 and PilotIntro not satisfying the exclusion restriction. The schools which introduced the program in 1987 tend to be negatively selected in terms of the students' math abilities, while no similar concerns are raised regarding the other cohorts. However, the IV estimates of the effect of advanced math on both educational outcomes and labor market outcomes of older siblings are not sensitive to excluding the 1987 cohort from our sample. Therefore, and to maintain a larger number of sibling pairs, we also include the 1987 cohort of older siblings in the present study.
The Post-1988 High School
In 1988 there was an extensive structural reform of the Danish High School, which was the most fundamental high school reform since 1903. The reform abolished the "branch based" regime and substituted it with a "choice based" regime, where the main distinction is between mathematical and linguistic track students. The reform implied an extended choice set in the form of more flexible opportunities to combine optional courses. 11 In particular, the mathematical students have the option of combining advanced math with any other advanced course; for example physics, chemistry, biology, social science, or a language course. This is the regime within which the younger siblings in our sample make their educational choices. In order to maintain the similarity in course choices between younger and older siblings, we will focus on the younger siblings' choice of advanced math with either advanced physics or advanced chemistry, since these were the only feasible advanced All students are required to follow at least two (and at most three) optional advanced courses, and of these the mathematical students should choose at least one natural scientific course, and the linguistic students should choose at least one language course. The first year of high school consists only of compulsory courses (common as well as track-specific courses) taught in classes of at most 28 students. 12 In the second year of high school the students have to choose one optional course, and in the third year they should choose at least three (and at most four) courses. 13 In addition to the requirements of at least two advanced optional courses, hereof at least one track-specific course, there were some bonds between some courses in order to preserve the possibility for the courses to complement each other.
We follow younger siblings in this high school regime until the entry cohort of 2003. In order to maintain the comparability of course choices between younger and older siblings, we will focus on the younger siblings' choice of advanced math with either advanced physics or advanced chemistry, since these were the only feasible course combinations for the older sibling attending high school in the pre-1988 regime. 14 Thus ‫݁ܿ݊݁݅ܿܵ‪ℎ‬ݐܽܯ‬ ௬௨ in equation (4) is an indicator for whether the younger sibling chooses to combine advanced math with either advanced physics or advanced chemistry -even when advanced math can be combined with a range of other courses. Table 2 illustrates the identifying variation for our gross sample. The table shows how the fraction of peers (older siblings) who chose advanced math combined with either physics or chemistry varies with their exposure to the pilot scheme. mathematical students comprise intermediate math and physics, basic chemistry, and a second foreign language. For the linguistic students the line-specific compulsory courses are basic natural sciences and Latin, as well as two other foreign languages.
Table 2. Summary of Older Siblings' Course Choice by their Exposure to the Pilot Scheme and by High School Cohort of Younger Sibling
The table displays the number of younger siblings and the fraction of their older siblings choosing advanced Math with advanced Physics or Chemistry. The numbers are displayed by younger siblings' high school entry cohort and type of high school attended by the older sibling.
Data Description

Sample Selection
For our empirical analysis we use a panel data set comprising the population of individuals starting high school from 1984 and onwards. The data are administered by Statistics Denmark, which has gathered the data from administrative registers. The data set includes basic demographic information such as date of birth, place of residence, and gender. What is crucial for this study is that we observe which institutions offered the pilot scheme when, and we can identify which institution the individual attended as well as the chosen course package. Furthermore, we have information about the dates for entering and exiting a high school education, along with an indication of whether the individual completed the education successfully, dropped out, or is still enrolled as a student. We augment this data set with background information about the parents including educational In Table 2 , we describe the distribution of sibling pairs across the older siblings' exposure to the pilot scheme for each high school cohort of younger siblings. As expected, older siblings who were exposed -expectedly or unexpectedly -to the pilot program were much more likely to choose advanced math and science. However, it is evident from the table that the probability that the older sibling choose this course package goes down as the distance between siblings increases.
To obtain a relatively homogeneous sample of sibling pairs we focus on sibling pairs where the younger sibling entered high school in 1988-1991 (N=12,883) . In addition, explore potential heterogeneity across birth order and spacing.
Outcome and Control Variables
The outcome of interest is whether the peers in the post-reform era choose the course package consisting of advanced math and science (either physics or chemistry) or not.
At the top of Table 3 , we see that there is a strong correlation in the choice of this course package across siblings: 28 % (14 %) of younger siblings chose this course package when the older sibling did (did not) choose this package. 16 Also when it comes to parental background, there is a significant difference. Parents of sibling pairs where the older sibling chose advanced math and science have a higher education and fathers have a higher annual income.
At the top of Table 4 , we see that there is some variation in the choice of advanced math and science when we distinguish between whether the older sibling was exposed to the pilot scheme or not. The proportion of younger siblings who chose this course package is 18 % when the older sibling was not 15 About 40% of a birth cohort attended high school at this point in time; hereof 10% do not complete in three years. The main part of drop out takes place before the choice of advanced math and science course packages. Dropout is uncorrelated with pilot school status. 16 Table A1 in Appendix A suggest that this relationship is driven by sibling ships consisting of older boys with younger brothers. We will look in to details of these gender differences later.
14 exposed and 20% when the older sibling was unexpectedly exposed. We also note that the parental background is similar across pilot school status. 17 As control variables we include entry cohort fixed effects as well as parental background. The latter includes a set of mutually exclusive indicator variables for the level of highest completed education of the mother and father, respectively, and their income as observed at the end of the year before the individual started high school. We leave out post-graduation control variables and thus estimate the total effect of advanced math. County indicators and high school specific controls are to be added.
17 Table A2 in Appendix A suggest that this relationship is strongest for sibling ships consisting of older boys with younger brothers. We will look in to details of the gender differences later. 
Main Results
In Table 5 we present the main results from the empirical analysis. The OLS regressions indicate a strong positive association between math and science course choices of older and younger siblings.
The IV estimates suggest that there is also a causal influence of older siblings' course choices.
Including additional control variables does not significantly affect our point estimates, lending additional support to our exclusion restriction and exogeneity of PilotIntro. The IV point estimates are larger than the OLS estimates, but not significantly so. In order to obtain an even more homogenous sample, we estimate the similar equations for sibling pairs who are no more than four years apart (see Table A3 , Appendix A). The results are qualitatively unchanged, although the point estimates from the IV estimation increases to about 0.5. In the next section we investigate the extent of heterogeneity across sib ship composition.
Table 5. Estimates of Peer Effects, 1988-91 Cohorts
Significance at a 1%, 5%, and 10% level are denoted by ***, ** and *, respectively.
(1) 
Understanding Heterogeneity in Peer Effects
In this section, we seek to better understand heterogeneity in peer effects. We expect that the strength of ties and the extent of overlapping networks may differ depending on the gender composition of the sib ship, depending on the age distance between siblings and the birth order in the sib ship.
Therefore, we analyze heterogeneous effects along these dimensions.
Heterogeneity by Gender Composition of the Sib Ship
Already the descriptive statistics show that there may be heterogeneous patterns across gender of the sib ship. Table A1 shows a positive correlation between course choices of the younger and the older sibling, which is particularly strong for same sex sib ships, while Table A2 documents that younger siblings are more likely to choose MathScience if the older sibling was exposed to the pilot scheme, and that this relationship appears to be particularly strong for boy-boy sib ships. This pattern already suggests that same sex older siblings may be more influential than opposite sex older siblings. Table 6 presents estimates of spillover effects by gender composition of the sib ship. The top panel shows spillover effects from older brothers and sisters to younger sisters, while the bottom panel shows spillover effects from older brothers and sisters to youngers brothers. The striking conclusion from this table is that the significantly positive coefficient in Table 5 is entirely driven by the strong influence of older brothers on their younger brothers. The association as estimated from the OLS is much larger than for sib ships of other gender compositions while the causal impact as estimated by IV is large and statistically significant while none of the other sib ships show such a relationship. The table reveals that one reason for this pattern is that the instrument is stronger (t-stat >3) and more influential (coefficient = 0.1) for older brothers than for older sisters. The results are qualitatively unchanged for the homogenous sample of sibling pairs who are no more than 4 years apart (see Table A4 , Appendix A). Significance at a 1%, 5%, and 10% level are denoted by ***, ** and *, respectively.
Heterogeneity by Birth Order and Size of the Sib Ship
The previous section (Section 4) already indicated that peer effects may be stronger when the age difference was limited to four years than otherwise. This suggests that a smaller age difference implies closer ties, but it could also mean more sibling rivalry or stronger role model effects.
Unfortunately, the data material does not allow us to draw more detailed inference about the importance of sibling spacing closer than 4 years. In this section we investigate how the effects vary with the size of the sibling ships and with the individual's rank compared to the potentially influential older sibling.
The left-hand side of Table 7 show the results for sib ships where the sibling pair consists of two siblings born in a row. The top panel shows the results if the pre-reform older sibling is the oldest one in a sib ship, while the bottom panel shows the results if the pre-reform older sibling is the second-youngest in a sib ship. In both cases the instrument is strong but in neither of these two cases are the IV estimates significant. The right-hand side of Table 7 shows the results for sib ships with 20 two siblings and more than two siblings, respectively. Only when the sib ship consists of more than two siblings, the effects are significant. Below in Table 8 we perform the same exercise for sibling pairs consisting of two boys. In this case we find that the effects appear strongest when the pre-reform sibling is the oldest sibling and when the sibling pair consists of only two boys.
At first sight the results in Tables 7 and 8 appear inconsistent. However, imagine that an older sibling is strongly affected by our instrument, the pilot scheme, then the likelihood of us observing this older sibling with a younger male sibling is higher if they are part of a sib ship with more siblings. 
Conclusion
In this paper we investigate the importance of peer effects in the decision to pursue advanced math and science in high school. Any policy seeking to induce more students to pursue the highly demanded STEM fields could be seriously dampened or amplified by such social interaction effects.
We exploit quasi-experimental variation stemming from a pilot scheme in place in the eighties in Denmark. While the pilot scheme induced some older siblings to pursue advanced math and science and not others, it did not directly influence the course choices of younger siblings or their high school peers. Therefore, any influence of this scheme on the younger siblings or their peers may be attributed to the influence of the older sibling. Our preliminary results suggest that spillover effects are stronger among closely spaced siblings, and that their magnitude depends on the gender composition of the sibling pair. Our research agenda will seek to better understand the nature of these gender and age differences, as well as exploring birth order effects. Significance at a 1%, 5%, and 10% level are denoted by ***, ** and *, respectively.
Appendix A. Additional Results
(1) Significance at a 1%, 5%, and 10% level are denoted by ***, ** and *, respectively.
